Introduction {#sec1}
============

Healthcare associated infections (HAIs) cause significant morbidity and excess healthcare costs \[[@bib1]\], and exacerbate the spread of antimicrobial resistance \[[@bib2]\]. Personal protective equipment (PPE) is one of several important components of standard and transmission-based infection prevention and control (IPC) precautions \[[@bib3]\] but sub-optimal use of PPE has been reported in varied hospital settings \[[@bib4], [@bib5], [@bib6]\]. There are different configurations of PPE for different levels of standard and transmission-based precautions which include such items as protective masks, disposable gowns and gloves and face protection. Recurring outbreaks of viral haemorrhagic fever (VHF) \[[@bib7]\] and the global pandemic of coronavirus disease (COVID-19), are contemporary reminders of the importance of PPE for the prevention and control of infectious diseases. Previous outbreaks of infectious disease have caused anxiety among healthcare workers (HCWs) and exposed deficiencies in their knowledge and understanding of IPC \[[@bib8]\]. Failures of appropriate PPE use has contributed to hospital outbreaks \[[@bib9]\].

In Australia the accreditation of hospitals via the Australian Council on Healthcare Standards (ACHS) \[[@bib10]\] together with state and territory workplace health and safety legislation \[[@bib11]\] mandates that all healthcare workers receive education and training in the workplace, including the use of PPE, and that the safety of work practices are actively monitored. While the National Health and Medical Research Council (NMRC) provides guidance about developing or implementing PPE training programs \[[@bib3]\], this guidance does not translate to an defined accreditation standard. In New Zealand health and safety legislation requires organisations to provide information and training on PPE use and ensure it is worn in the workplace \[[@bib12]\]. The New Zealand Ministry of Health IPC certification standards \[[@bib13]\] require organisations to provide education and training in standard and transmission-based precautions which incorporates PPE but does not specify any monitoring requirements. The former Australian National Hand Hygiene Initiative led to improved hand hygiene compliance and was associated with reduction in the rate of healthcare associated *Staphylococcus aureus* bacteraemia \[[@bib14]\], but hand hygiene is only one aspect of IPC practice. The formalisation of PPE training and auditing would improve the safety of staff and patients, and the prevention and control of infection and infectious disease.

Despite the importance of education, training and practice monitoring for optimal PPE use, there is a paucity of published information and research that documents PPE training programs in Australia and New Zealand. An understanding of them would assist in assuring more appropriate use of PPE to reduce the risk of occupational acquisition of and the spread of infectious diseases. This has been highlighted, particularly, during the current COVID-19 global pandemic where there are concerns from healthcare workers around PPE training \[[@bib15],[@bib16]\] and the PPE supply chain is not guaranteed \[[@bib17]\]. The purpose of this survey was to characterise and assess the extent and nature of PPE training in Australasian hospitals, and to inform future stakeholder consultations about, and gather respondents' views on, other aspects of PPE training.

Methods {#sec2}
=======

Study design, participants and recruitment {#sec2.1}
------------------------------------------

A cross-sectional, population-based, on-line survey of members of three Australasian IPC professional societies and colleges was undertaken over an eight-week period from August and October 2019. The three professional societies and colleges were the Australasian College of Infection Prevention and Control (ACIPC), the New Zealand Infection Prevention and Control Nurses College (IPCNC NZNO), and the Healthcare Infection Control Special Interest Group (HICSIG) of the Australasian Society for Infectious Diseases. The membership of the societies and colleges at the time of the survey was ACIPC 1143 members, IPCNC NZNO 630 members and HICSIG 250 members, with some individuals holding membership of at least two of these organisations.

Study instrument {#sec2.2}
----------------

The survey tool was developed using expert opinion and reference to PPE training in relevant IPC guidelines \[[@bib3]\] and comprised four sections. Questions from sections 1--3 are shown in [Table 1 (Appendix)](#appsec1){ref-type="sec"}. Section 1 gathered data about respondents' roles in, and demographics of the facility/organisation in which they worked. Section 2 explored details of training programmes for routine PPE, including content and delivery modes, responsibility for providing the training and auditing PPE practice. Section 3 asked questions about training for high-level PPE including types of PPE used and who delivered and received this level of training. Section 4 collected mainly qualitative data about PPE, analysis of which will be reported separately.

For the purposes of this research 'routine PPE' was defined as those items of PPE which are used by HCWs for standard and transmission-based precautions for commonly encountered infectious diseases and pathogens, while 'high-level PPE' referred to an ensemble of alternative PPE items that are used with rare infectious diseases of high consequence such as a powered air purifying respirator (PAPR).

Data collection and analysis {#sec2.3}
----------------------------

Study data were collected via a survey and managed using REDCap™ electronic data capture tools hosted at University of Sydney \[[@bib18]\]. Participants accessed an anonymous, online survey via an electronic link generated in REDCap™. Invitations to participate were distributed by each society or college to its own members by organisational websites, members\' discussion forums, social media pages and Presidents\'/Chairpersons' e-newsletters. Only those respondents who indicated they were employed in an active IPC role in a healthcare facility were invited to participate and the survey requested that, where possible, only one respondent per facility participate.

Frequencies and percentages were calculated for all relevant variables using Microsoft Excel (2019).

Ethics {#sec2.4}
------

The research project was approved by the University of Sydney Human Research Ethics Committee (2019/614). Informed consent was implied in completing and submitting the survey. The survey was subsequently accepted for dissemination by the three professional organisations.

Results {#sec3}
=======

Section 1. respondents and facilities {#sec3.1}
-------------------------------------

The geographic distribution of 137 survey respondents and the facilities they identified with are shown in [Fig. 1](#fig1){ref-type="fig"} .Fig. 1Geographical distribution of 137 survey respondents in Australia and New Zealand.Fig. 1

Respondents had worked in IPC for an average of 8.5 (range 0.5--43) years. Seventy-seven (56%) reported working in a public hospital, 36 (26%) in a private hospital and 24 (18%) mixed public/private or non-inpatient facilities/services representing approximately 10% and 5% of public and private hospitals respectively as shown in [Fig. 2](#fig2){ref-type="fig"} .Fig. 2Reported frequencies of healthcare facility types represented by respondents.Fig. 2

Inpatient bed numbers as of 1 July 2019 in these facilities, as reported by the participants, ranged from 14 to 1300 (mean 300, median 200). More than half of the respondents reported that their facility had the following specialist services: an emergency department, 89 (65%); critical care, 87 (63.5%); and paediatrics, 71 (52%). Respondents also stated that 46 (33.5%) facilities had a respiratory ward and 31 (23%) housed dedicated infectious disease beds. The majority (75%--97%) of the respondents who identified the different specialist services worked in a public hospital.

In Australia there are thirteen formally designated VHF biocontainment units -- between one and three in each State and Territory - and four such units in New Zealand. Ten of the respondents reported working in a facility that was designated as a State/Territory VHF biocontainment unit. One of these respondents was from New Zealand and nine were from four Australian states; New South Wales, Western Australia, South Australia, and Victoria. At least four VHF biocontainment units were not represented. Completed the survey.

Section 2: training programmes for routine PPE {#sec3.2}
----------------------------------------------

Two out of the 137 respondents reported that no PPE training was provided at their facility. Respondents indicated a combination of training frequencies; 96 (70%) included PPE training at new staff orientation, 55 (40%) provided annual updates and 84 (61%) provided training on an ad hoc/on request basis, at intervals ranging from monthly to every 5 years. Annual refresher sessions were delivered more frequently in private facilities (21/36; 58%) than public hospitals (29/37; 38%). Three quarters of respondents (n = 105:77%) indicated that some training was provided for all staff who work in clinical areas, while 21 (15%) and 11 (8%) responses stated that training was limited to professional clinical staff and specific occupational groups respectively. In the 'other comments' field about which staff receive training, 26 respondents identified other non-clinical occupational groups including cleaners, orderlies, maintenance, security, catering and other support staff e.g. "Kitchen staff, housekeeping and admin staff who go to wards" (respondent \[R\]40) "we train our maintenance staff' (R99).

Most respondents (n = 104, 76%) stated that the IPC team delivered the PPE training, supported, in 26 (19%) cases, by IPC link representatives (i.e. nurses and other clinical staff nominated in wards and departments given additional training to promote and advise fellow staff on good IPC practice). Other personnel reported as providing PPE training, in 34 (25%) of responses, included clinical nurse educators or train-the-trainer programme leaders. Six respondents listed other staff including managers, training officers and staff development officers. Two respondents commented that medical staff, other than students and interns, were difficult to capture for training.

A variety of training and delivery methods were reported, including one or more of the following: classroom settings (n = 112, 83%), online training modules (n = 81, 60%), and simulation (n = 13, 10%). Virtual reality and video-reflexive methods were reported by three and eight respondents respectively. Most, but not all, respondents (n = 106, 78.5%) stated that training focused on standard and transmission-based precautions including hand hygiene associated with glove use. More than half (n = 83, 61%) of the respondents reported that training included demonstrations by facilitators followed by participant practice, and 42 (31%) used videos to demonstrate donning and doffing of PPE. In the additional comments field, two respondents referred to the benefits of ultraviolet marker technology; for example, this statement from Respondent 4; "We use fluorescent glow gel to demonstrate bad technique of removal of PPE".

Most respondents (n = 116, 85%) used one or more common PPE items - non-sterile disposable gloves, long-sleeved gown, surgical mask and eye protection--in training. Respondents from public hospitals reported the inclusion of N95/P2 respirators more frequently than those from private facilities (76% vs 62%).

The survey also collected data on auditing processes for routine PPE. Auditing PPE compliance commonly comprises observational methods to collect data relating to the correct choice, and methods of donning and doffing, of PPE in clinical situations. There were 124 responses to this survey section, of which 80 (64%) indicated that compliance audits for routine PPE use were undertaken in their organisation. A higher percentage of private hospitals undertook audits than public hospitals (78% vs 54%). Of these 80 respondents, 79 provided details of who undertook audits and how frequently they occurred. The responsibility for undertaking audits was reported to be the IPC team and IPC link representatives by 54 (68%) and 18 (22%) respondents respectively. A number of responses (n = 22, 27%) specified other staff who undertook audits, including nurse managers and other ward staff. 31 (39%) respondents indicated that the audit tool used had been developed in-house. Of the remaining responses (n = 48, 61%) that identified a standardised tool was used, 14 were state or district instruments. The reported frequency of audits ranged from daily to every two to three years. The most common frequencies of auditing were annually and 6-monthly ([Fig. 3](#fig3){ref-type="fig"} ).Fig. 3Reported frequency of compliance audits for PPE use.Fig. 3

Section 3: training programmes for high-level PPE {#sec3.3}
-------------------------------------------------

Just over one-third (n = 46, 37%) out of 125 respondents across Australia \[[@bib39]\] and New Zealand \[[@bib7]\], indicated that their organisation provided training in the use of high-level PPE. The majority of these respondents were from public hospitals (n = 38, 83%) and seven worked in a facility with a biocontainment unit. Just under half of these responses (n = 22, 48%) described a dedicated team of clinicians responsible for this training. Emergency department and intensive care units were reported to be most frequently users of the training as seen in [Fig. 4](#fig4){ref-type="fig"} .Fig. 4Reported distribution among 162 specific departments that received training in high-level PPE, in 125 facilities.Fig. 4

Three quarters of respondents (n = 35, 76%) stated that training in high-level PPE was provided 'just-in-time' at the time of an infectious diseases threat, with five of these also providing additional regular training sessions. Few (n = 15) respondents indicated that regular training was delivered, annually \[[@bib11]\], 6-monthly \[[@bib1]\] and 3-monthly \[[@bib3]\], while one respondent did not provide any details of training frequency. One organisation also provided high level training to all new ED clinical staff.

Of the 45 respondents who provided details about which staff received high-level PPE training, 45 (100%) stated nurses and midwives, 35 (78%) doctors, 19 (42%) support workers and 12 (27%) trained allied healthcare workers. Responses for the methods of training in high-level PPE included face-to-face classroom (n = 42, 93%), online module (n = 16, 35%), and simulation (n = 8, 18%). Infection prevention and control staff were the craft group most frequently reported (n = 34, 74%) to deliver face-to face training for high-level PPE. Other departments also delivered this training as shown in [Fig. 5](#fig5){ref-type="fig"} .Fig. 5Reported frequencies of departments responsible for delivering training in high-level PPE.Fig. 5

Training programmes for high-level PPE contained one or more teaching modalities as reported by respondents: facilitator demonstration of PPE donning and doffing (n = 34, 78%), participant practice in PPE donning and doffing (n = 39, 87%), video(s) (n = 21, 47%), practice in actual isolation rooms (n = 14, 31%), simulation of procedures while in PPE (n = 9, 20%).

The frequency of different PPE items as used for high-level training is shown in [Fig. 6](#fig6){ref-type="fig"} . In addition to items commonly used for routine PPE, e.g. gowns, N95 respirators, and eye/face protection, other high-level PPE frequently used included long-cuff gloves (n = 35, 88%), bootees (n = 37, 81%) and a hood (n = 28, 65%). Only 11 (23%) of respondents stated staff are trained in the use of a PAPR, 10 from public hospitals, including three with a biocontainment unit. Two respondents reported that PAPRs were purchased in preparation for SARS patients (in 2003) but were not currently used.Fig. 6Reported frequency of Personal Protective Equipment (PPE) items used in training for high-level PPE in Australasia.Fig. 6

Discussion {#sec4}
==========

The aim of this study was to characterise the PPE training programmes in Australian and New Zealand healthcare facilities. There were no obvious differences in training programmes private or public facilities. The results indicate that training in routine PPE for healthcare workers is a routine occurrence in most Australasian hospitals, particularly for new employees, but overall fewer than half provide annual or other regular refresher education. This is sub-optimal, as it risks staff being unable to maintain confidence and competence in their donning and doffing skills. In an observational study of 30 clinical staff, removing PPE used for routine care, only around 50% doffed PPE in the recommended manner and few followed the correct order \[[@bib19]\]. Poor PPE donning and doffing techniques are unsafe for healthcare workers and patients, contribute to transmission of infection, and are symptomatic of the lack of experience and expertise in PPE use that is due to a just-in-time approach to PPE training during infectious disease emergency responses \[[@bib20]\].

The current COVID-19 pandemic has resulted in widespread anxiety, lack of confidence and concern for their personal safety amongst HCWs, particularly related to PPE use \[[@bib21],[@bib22]\], as was noted during previous infectious disease emergencies \[[@bib23],[@bib24]\].

PPE training should be a blend of both theory and practice, but our results indicate that over a third (39%) of respondents do not include a practical component in their training programme for routine PPE. The World Health Organization emphasises the importance of practical training for ensuring competency in IPC practices \[[@bib25]\] and research has shown the benefits of practical PPE demonstration with feedback \[[@bib26]\]. Theoretical training content can be provided through on-line modules. However one of the barriers to incorporating practice is the high burden of human resources required. In spite of theoretical content in PPE training, COVID-19 has also exposed limited understanding of the reasons for recommended choices, and methods of use, of PPE, among healthcare workers \[[@bib21]\]. Eight respondents used video-reflexive methods \[[@bib27]\] for training, an approach which the authors have used extensively in both routine and high level PPE training, and in which participants report greater enjoyment and satisfaction, than conventional training (manuscript in preparation).

In this study the IPC team was responsible for the majority of PPE training although several respondents reported the use of non-IPC personnel incorporating the train-the-trainer model, a technique which has been used successfully to improve hand hygiene compliance in Australia and overseas \[[@bib14],[@bib28]\]. Three respondents have used virtual reality in their training programmes, a technology which can provide individual practical training while eliminating PPE use for training when resources are scarce, as seen in the current COVID-19 pandemic \[[@bib29]\]. This technology has been gaining momentum in IPC training \[[@bib30]\].

PPE use is both a quality and safety and a work safety IPC measure which should be evaluated. However, in this study one third (36%) of respondents did not undertake auditing to monitor the correct use of PPE. Although the Australian Guidelines for the Prevention and Control of Infection in Healthcare \[[@bib3]\] include statements about PPE training, they are limited in that they do not prescribe the content and frequency of this training, nor include detailed guidance for monitoring PPE use in practice. Improving national hand hygiene compliance through a centralised auditing and reporting programme has been associated with reduction in the incidence of health-care-associated *S. aureus* bacteraemia (HA-SAB) \[[@bib14]\]. There is evidence that the Australian National Hand Hygiene Initiative (NHHI) and the inclusion of hand hygiene monitoring in hospital accreditation standards has ensured its standardisation and place in organisations' patient safety programmes \[[@bib14]\]. In comparison, the implementation of a national policy for aseptic technique in Australia has been associated with multiple challenges \[[@bib31]\]. Hand hygiene monitoring has also drawn criticism and scepticism that direct observation scores do not accurately reflect real hand hygiene practice \[[@bib32]\], which could equally apply to PPE compliance audits. The substantial increase in HCWs undergoing PPE training and the importance of PPE as an IPC measure, mainly for the protection of HCWs, during the current COVID-19 pandemic, presents additional challenges for ensuring PPE is used correctly. An examination of research into PPE compliance within the industrial sector may identify innovative ways to monitor compliance such as non-observational sensor methods \[[@bib33]\].

The limited number of responses for training in high-level PPE identified variability in training frequency, who delivers the training, and the equipment used. Most respondents indicated that regular high-level training is not currently provided, and is only provided at time of threat, limiting local, regional, state/territory and national bio-preparedness. In the wake of the 2014 EVD outbreak, research and expert commentary \[[@bib34], [@bib35], [@bib36]\] recommended regular skills training to ensure safety in donning and doffing high-level PPE, but in practice it has been very difficult for IPC teams to implement without additional educational resources. Another notable finding from the survey was that front-line staff are often involved in training which assists in bridging the gap between IPC principles and hands-on practice \[[@bib37], [@bib38], [@bib39]\]. Conversely, in this study 11 out of the 45 respondents stated that IPC professionals were not involved in the training of high-level PPE. All PPE training is a fundamental component of an infection control programme, and therefore IPC should be involved in and have oversight of all PPE training.

Some items of PPE, in particular PAPRs, were reportedly seldom used for training which may reflect the infrequency of HCID events requiring PAPRs and the lack of actual cases occurring in Australasia from HCID events including SARS-CoV-1, MERS-CoV and EVD outbreaks. Global interest in PAPRs began at the time of the 2003 SARS-CoV-1 global outbreak and increased significantly during the West African EVD outbreak 2013--2015 \[[@bib40]\]. Several respondents stated they still had older PAPRs from the SARS-CoV-1 and one reported that PPE preparedness for the 2003 SARS-CoV-1 global outbreak identified difficulties in safe doffing of a PAPR. PAPR hoods have been associated with an increased risk of contamination both during patient care and when doffing \[[@bib41]\]. However other research suggests that PAPRs and assisted doffing protocols may reduce high-level PPE doffing errors \[[@bib42]\]. Maintaining a skilled workforce in the use of high-level PPE is an important part of pandemic preparedness, particularly for hospitals with biocontainment capacity. Research from the USA showed that HCWs expect PAPRs to be available for them to use with EVD patients \[[@bib43]\]. However, PAPR components are relatively expensive and the cost of maintaining an in-date stock of PAPR components between HCID events or outbreaks may be a deterrent to using them for training, especially if the risk of an actual case is very low. The current COVID-19 pandemic has resulted in misconceptions among some specialist clinical groups about the utility of a PAPR, with guidelines demanding that PAPRs be approved for use with COVID-19 patients \[[@bib44]\]. While there may be limited indications for PAPR in the current pandemic \[[@bib45]\], a PAPR and hood does not provide a greater level of protection for aerosolised SARS-CoV-2 than a correctly fitted N95/P2 respirator and eye protection. It is important that training programmes for HCID are based on the modes of transmission of disease and the protection required based on current epidemiological evidence.

The findings of this research have implications for training programmes outside of Australasia, particularly in countries with fewer IPC resources. Further research may be beneficial in identifying novel ways of providing PPE training in these locations.

This study, like all studies, have several limitations. The survey design did not prevent more than one response from the same facility, and the number of facilities from which there were more than one is unknown. However, a detailed examination of the demographic data indicates that this occurrence was uncommon. The data are based on self-report and it is not possible to verify the responses provided. The survey targeted members of three professional organisations; data relating to training programmes delivered by non-member IPC professionals was not captured. As the respondents were from the Because of overlapping memberships of the three organisations surveyed, the exact number of potential respondents (and hence the response rate) cannot be accurately estimated.

Conclusions {#sec5}
===========

This study identifies variability in the extent and nature of training within Australian and New Zealand hospitals in the use of both routine and high-level PPE. The current COVID-19 pandemic has challenged the confidence and competence of many HCWs in using PPE, indicating inadequate preparedness for HCID. Regular audits of PPE skills may help to identify occupational groups or clinical areas that would benefit from refresher training. The study findings can help to inform further discussion about any proposed national standards for training and auditing PPE within healthcare facilities in Australia and New Zealand.

Ethics {#sec9}
======

Ethical approval was granted by the University of Sydney Human Research Ethics Committee (2019/614).

Authorship statement {#sec7}
====================

RB Conceptualization, Methodology, Formal Analysis, Investigation, Writing - Original Draft, Review and Editing, Visualization. Project Management GLG: Conceptualization, Writing - Review & Editing, Supervision, Funding acquisition RS: Writing - Review & Editing, Supervision. All authors approved the final version of the manuscript.

Declaration of Competing Interest {#sec8}
=================================

RS is a Senior Editor of Infection, Disease and Health and LG is a member of the International Editorial Board of Infection, Disease and Health but neither had any role in peer review or editorial decision-making of the manuscript whatsoever. The authors declare no other conflict of interest.

Funding {#sec6}
=======

This work was supported by The Australian Partnership for Preparedness Research on Infectious Diseases Emergencies (APPRISE) of which author GLG is a chief investigator and author RB is recipient of a doctoral scholarship. The research presented in this article is solely the responsibility of the authors and does not reflect the views of APPRISE.

Provenance and peer review {#sec10}
==========================

Not commissioned; externally peer reviewed.

Appendix A. Supplementary data {#appsec1}
==============================

The following is/are the supplementary data to this article:Multimedia component 1Multimedia component 1

Supplementary data to this article can be found online at <https://doi.org/10.1016/j.idh.2020.05.005>.
